A 31-year-old man presented with bilateral unruptured vertebral artery (VA) dissections. The temporal course of the dissected arteries was successively evaluated using brain surface imaging modality basiparallel anatomical scanning (BPAS) magnetic resonance (MR) imaging in combination with the conventional modalities of MR angiography and three-dimensional computed tomography (3D-CT) angiography. Initially, BPAS-MR imaging clearly demonstrated bilateral fusiform dilatations of the arterial wall, whereas MR angiography and 3D-CT angiography showed irregular, dilated, or interrupted inner contour of the arteries. Finally, BPAS-MR imaging demonstrated resolution of both aneurysms, and MR angiography demonstrated obstruction of the left VA and normal contours of the right VA. Combination of diagnostic tools such as BPAS-MR imaging and MR angiography is useful for evaluating the exact nature of dissected arteries and determining the temporal course.
Sequential follow-up studies using magnetic resonance (MR) angiography (left column), basi-parallel anatomical scanning (BPAS)-MR imaging (center column), and three-dimensional computed tomography (3D-CT) angiography (right column) at 2, 4, 7, and 11 weeks (upper row, upper middle row, lower middle row, and lower row, respectively). Fusiform dilatation of the arterial wall was clearly visible on BPAS-MR images and MR angiograms, with irregular, dilated, or interrupted inner contour of the artery on 3D-CT angiograms at 2 weeks. The disrupted inner contour of the right vertebral artery (VA) returned to normal at 7 weeks, whereas that of the left VA extended to the VA-basilar artery junction at 4 weeks and was completely obstructed at 11 weeks. The right fusiform aneurysm resolved at 7 weeks, and the left fusiform aneurysm at 11 weeks on BPAS-MR images.
Introduction
Spontaneous dissection of the vertebrobasilar artery (VA) may develop into subarachnoidal hemorrhage (SAH) or brain ischemia. 17, 21) The incidence of rebleeding and the mortality rate are higher in patients who developed SAH compared to patients with unruptured VA dissection, 7) whereas favorable outcomes occur in patients with unruptured VA. 3, 16, 22) However, the pathogenesis and exact natural history of VA dissection remain unclear. Basiparallel anatomical scanning (BPAS) magnetic resonance (MR) imaging is a simple MR imaging technique that modifies surface anatomical scanning and can depict the surface appearance of the intracranial VA. 4, 12, 13) We describe a case of bilateral VA dissections in which the temporal course of the dissected arteries was serially evaluated using BPAS-MR imaging in addition to MR angiography and three-dimensional computed tomography (3D-CT) angiography, and discuss the use of BPAS-MR imaging in conjunction with conventional imaging tools to achieve accurate diagnosis and evaluation of the temporal course of the disease in patients with VA dissection.
Case Report
A 31-year-old man noticed slight dull sensation in the suboccipital region and complained of nausea one week before admission to our hospital. On admission, he complained of persistent dull sensation and stiffness in the suboccipital and neck region without headache. Neurological examination revealed no deficits. The symptoms were suggestive of SAH, but CT and lumbar puncture, and conventional MR imaging, including diffusion-weighted imaging, showed no abnormality. MR and 3D-CT angiography showed essentially the same findings of abnormal contours of the artery just distal to the posterior inferior cerebellar artery (PICA), elongated fusiform dilatation with proximal narrowing in the left VA, and tapered narrowing in the right VA (Fig. 1A, B) . MR angiography showed double lumen in the fusiform dilatation of the left VA (Fig. 1C ) and in the right VA (Fig. 1D) .
Under a diagnosis of unruptured bilateral VA dissections, we treated the patient conservatively with hydration and medication to prevent cerebral ischemia or SAH. Two weeks after the onset, MR angiography showed an interrupted and irregular lumen within the elongated fusiform dilatation in the left VA, in contrast to focal dissection maintaining vessel patency in the right VA (Fig. 2) . BPAS-MR imaging using parameters of slice thickness, 25 mm; time to repetition/echo, 5000/763 msec; field of view, 160 × 160 mm; matrix, 384 × 224; and acquisition time, 25 sec showed an elongated fusiform dilatation and a small aneurysm in the left and right VAs, respectively. Thereafter, the patient's condition suddenly deteriorated. He developed dysphagia, hoarseness, and dizziness 4 weeks after onset. MR angiography showed proximal dilatation of the lesion in the left VA, and disappearance of the flow signal that extended to the VA-basilar artery (BA) junction (Fig. 2) . MR angiography of the right VA showed that the inner contour of the artery had begun to regain its normal appearance, although a part of the vessel was still disrupted (Fig. 2) . BPAS-MR imaging 4 weeks after onset showed that the appearance of the left VA remained essentially the same as at 2 weeks after onset, but the right VA showed shrinkage of the fusiform dilatation (Fig. 2) . Conventional MR imaging including diffusion-weighted imaging showed no abnormality within the brain stem, but we treated the patient with antiplatelet medication and edaravone, a free radical scavenger, 19, 20) under a diagnosis of brain stem ischemia due to interrupted blood flow in the left VA.
Seven weeks after onset, MR and 3D-CT angiography showed residual fusiform dilatation of the left VA and occlusion of the true lumen just distal to the PICA. However, the inner contour of the right VA had regained its normal appearance (Fig. 2) . Seven weeks after onset, BPAS-MR imaging showed a slight increase of the mid portion and tapering of the distal portion in the fusiform dilatation in the left VA, and normal appearance of the right VA (Fig.  2) . Eleven weeks after onset, the patient's neurological deficits had markedly improved, so that he was able to carry on his daily activities without difficulty. Eleven weeks after the onset, MR and 3D-CT angiography showed occlusion of the left VA from the VA-PICA junction to the VA-BA junction (Fig. 2) . BPAS-MR imaging showed that the fusiform dilatation of the left VA had disappeared and the artery had regained its normal appearance. Two months after onset, the patient was discharged and returned to his previous occupation.
Discussion
The prognosis for patients with unruptured VA dissection is generally better than in patients with ruptured VA dissection. Unruptured VA dissection often improves spontaneously, with a high reported incidence (62%) of spontaneous angiographic cure. 22) However, subintimal dissection extending into the BA, or persistent aneurysmal dilatation occurring as a sequel to artery dissection, are associated with brain stem infarction or delayed SAH. 1, 8) Therefore, serial vascular evaluation is very important to monitor the time course of changes in patients with unruptured VA dissection. The present relatively rare case of bilateral VA dissections exhibited different temporal courses of the disease in the right and left VAs. The dissection was short in the right VA, and the configuration of the true lumen was relatively smooth, so maintaining blood patency. In contrast, the dissection was extended in the left VA with severe irregularities of the true lumen. Consequently, the dissected arterial wall of the right VA improved spontaneously and the arterial caliber normalized, whereas the left VA lumen remained obstructed. A case of rupture of a VA dissecting aneurysm immediately after trapping of a dissecting aneurysm on the contralateral VA was reported. 6) In our case, initial MR angiography showed the dominant blood flow was in the left VA. In addition, stenosis of the right VA may increase blood flow, and so induce hemodynamic stress in the left VA. These phenomena may also cause severe irregularity of the lumen in the left VA. Therefore, we conclude that the length of the dissected vessel, the luminal configuration, and the dominant blood flow in the VA are the main factors which influence the natural course of unruptured VA dissection.
Conventional angiography is still considered the gold standard in the diagnosis of VA dissection, but has been gradually replaced by MR imaging, MR angiography, and CT angiography. T 1 -weighted MR imaging shows intramural hematoma, which characteristically appears as a crescent-shaped area around the eccentric true lumen. 14) However, T 1 -weighted MR imaging may also show flowrelated enhancement of the vertebral venous plexus, thus mimicking the appearance of intramural hematoma. 10) 3D time of flight (TOF) MR angiography may reveal what appears to be an increased external diameter of the artery due to the superimposed intramural hematoma containing methemoglobin. This finding is very useful for the detection of carotid artery dissection, but is of limited use for VA dissection because of the small diameter and marked variation in arterial caliber. 9) The sensitivities of MR imaging and 3D-TOF MR angiography for the detection of VA dissection are 20-60% and 60%, respectively. 9, 23) In contrast, multidetector 3D-CT angiography has a high accuracy for the diagnosis of VA dissection, with sensitivity and specificity of 100% and 98%, respectively. However, there are some complicating factors such as severely atherosclerotic vessels with calcification, radiation exposure, and administration of contrast reagents. 2) If the vessel dissection enlarges distally, the MR signals in the pseudo-lumen of dissected vessels are affected by the turbulence of blood flow, and 3D-TOF MR angiography may not clearly depict blood flow within the pseudo-lumen. 5, 11, 15) Thus, MR angiography may underestimate the area of dissection. Moreover, MR angiography evaluation of the absence or decrease in the blood flow signal may not clearly discriminate atheromatous changes from resolving vascular dissections. 12) Therefore, we consider that evaluation of the dissection of vessels should include examination of both the inner and outer contours of the vessels.
BPAS-MR imaging reflects the outer surface appearance of the intracranial arterial wall, whereas MR and 3D-CT angiography mainly reflect the blood flow within the artery, so representing the inner contour of the artery.
Moreover, BPAS-MR imaging does not require a long sequence time compared to 3D-TOF MR angiography with contrast medium. Therefore, BPAS-MR imaging of the artery in conjunction with conventional MR angiography or 3D-CT angiography will enable precise evaluation of both the inner and outer contours of the artery, so establishing accurate diagnosis of arterial wall lesions, such as VA dissection or atheromatous changes in the artery. 12, 13, 18) In our case, BPAS-MR imaging clearly demonstrated a fusiform dilatation of the arterial wall, whereas MR and 3D-CT angiography showed irregular, dilated, or disrupted inner contour of the artery. In the left VA, MR angiography revealed persistent aneurysmal dissection (fusiform dilatation) and progressive stenosis (occlusion) extending to the VA-BA junction from 2-7 weeks. In contrast, BPAS-MR imaging did not reveal any extension of the VA dissection, only slight dilation of the mid portion of the fusiform aneurysm with gradual tapering of the distal portion. We hypothesize that dilation of the mid portion in the fusiform aneurysm by partial thrombosis of the pseudo-lumen induced stenosis of the true lumen, resulting in decreased blood flow, and tapering of the distal portion of the aneurysm. Consequently, the pseudo-lumen was completely occluded, and the VA dissection subsided. These morphological changes of a fusiform dilatation observed by BPAS-MR imaging might indicate a favorable course in an unruptured dissected VA aneurysm. Therefore, we suggest that sequential follow-up study of the dissected fusiform aneurysm using both conventional MR angiography and BPAS-MR imaging is very important to predict the prognosis.
